Cannabinoid receptors and their endogenous ligands have been recently identified in the brain as potent inhibitors of neurotransmitter release. Here we show that, in a rat model of Parkinson's disease induced by unilateral nigral lesion with 6-hydroxydopamine (6-OHDA), the striatal levels of anandamide, but not that of the other endocannabinoid 2-arachidonoylglycerol, were increased. Moreover, we observed a decreased activity of the anandamide membrane transporter (AMT) and of the anandamide hydrolase [fatty acid amide hydrolase (FAAH)], whereas the binding of anandamide to cannabinoid receptors was unaffected. Spontaneous glutamatergic activity recorded from striatal spiny neurons was higher in 6-OHDA-lesioned rats. Inhibition of AMT by N-(4-hydroxyphenyl)-arachidonoylamide (AM-404) or by VDM11, or stimulation of the cannabinoid CB1 receptor by HU-210 reduced glutamatergic spontaneous activity in both naïve and 6-OHDA-lesioned animals to a similar extent. Conversely, the FAAH inhibitors phenylmethylsulfonyl fluoride and methylarachidonoyl fluorophosphonate were much more effective in 6-OHDA-lesioned animals. The present study shows that inhibition of anandamide hydrolysis might represent a possible target to decrease the abnormal cortical glutamatergic drive in Parkinson's disease.
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Cannabinoids, the main psychoactive constituents of marijuana, exert a wide range of effects in the CNS through the activation of CB1 receptors (Gerard et al., 1991; Westlake et al., 1994; Pertwee, 1997; Schlicker and Kathmann, 2001 ). These receptors are densely expressed in the striatum (Herkenham et al., 1991; Matsuda et al., 1993; Tsou et al., 1998) , a brain region involved in motor processes, cognition, and motivation (Calabresi et al., 1997; Berke and Hyman, 2000) . The effects of CB1 receptor activation by cannabinoids include loss of concentration, impairment of memory, enhancement of sensory perception, and euphoria (Dewey, 1986; Howlett, 1995; Ameri, 1999) .
The wide CB1 receptor distribution in the striatum (Herkenham et al., 1991) provides the opportunity for functional interactions of endogenous cannabinoids, such as anandamide (AEA) and 2-arachidonoylglycerol (2-AG), with the dopaminergic nigrostriatal pathway. In fact, a recent evidence in freely moving rats has shown that AEA release is enhanced by quinpirole, a D2-like dopamine (DA) receptor agonist (Giuffrida et al., 1999) , and that AEA transport inhibition reverses DA D2-like receptor responses (Beltramo et al., 2000) . Moreover, chronic treatment with D2 antagonists results in an increased expression of CB1 receptor mRNA in the striatum (Mailleux and Vanderhagen, 1993) . Finally, activation of both D2 and CB1 receptors decreases adenylyl cyclase activity through the same G i -protein (Meschler and Howlett, 2001 ), which in turn stimulates mitogen-activated protein kinases (Boulaboula et al., 1995) . This pathway is involved in cell survival and synaptic plasticity (Coogan et al., 1999; Otani et al., 1999; Calabresi et al., 2001; Sweatt, 2001) , supporting the idea of a close interaction between DA and (endo)cannabinoids in these critical functions.
It has been reported that corticostriatal glutamatergic transmission is enhanced after DA denervation induced by 6-hydroxydopamine (6-OHDA) injection (Calabresi et al., 1993 (Calabresi et al., , 2000 Schwartig and Huston, 1996; Centonze et al., 2001; Tang et al., 2001) . The pharmacological inhibition of such an hyperactivity may, therefore, be beneficial in Parkinson's disease (PD). Here we show that spontaneous EPSCs (sEPSCs) were increased in frequency and amplitude in 6-OHDA-lesioned rats and were modulated by manipulation of the endocannabinoid system. In these animals we found increased levels of AEA, but not of 2-AG, paralleled by an abnormal downregulation of anandamide membrane transporter (AMT) and fatty acid amide hydrolase (FAAH) activity, without significant changes in AEA binding to CB1 receptors. We suggest that targeting a specific step of these biochemical processes might provide a novel approach to treat the abnormal striatal glutamatergic activity observed in PD.
MATERIALS AND METHODS
6-OHDA lesions. All the experiments were conducted in conformity with the European Communities Council Directive of November 1986 (86/ 609/ EEC). Wistar rats were injected unilaterally with 6-OH DA (8 g/4 l of saline containing 0.1% ascorbic acid) rostral to the substantia nigra under stereotaxic coordinates: anterior, 3.7 mm anterior; ventral, 2.2 mm dorsal to the interaural line; lateral, 2.2 mm from the midline. T wenty days later, the rats were tested with a subcutaneous injection of 0.05 mg / kg apomorphine, and the contralateral turns were recorded with automatic rotometers for 3 hr. Only those rats consistently making at least 200 contralateral turns were used for our studies. After brain dissection, we confirmed that the nigrostriatal pathway was lesioned. This was established by noting a Ͼ95% loss of DA neurons in the substantia nigra compacta and the almost complete absence of DA terminals in the striatum. This was detected by the immunoperoxidase technique using a monoclonal antibody for tyrosine hydroxylase. Rats were used 2-3 months after the 6-OH DA lesion. As control animals (naive) we used sham-operated rats of similar ages injected with saline not containing 6-OH DA.
Biochemistr y. The endogenous levels of anandamide and of 2-arachidonoylglycerol in the striatum were determined by gas chromatography-electron impact mass spectrometry, as recently reported 3 H]C P55,940 to striatal membrane fractions was determined by rapid filtration assays, as described (Maccarrone et al., 2000) . Apparent dissociation constant (K d ) and maximum binding (B max ) values were calculated through nonlinear regression analysis, using Prism 3 program (GraphPad Software, San Diego, CA). The uptake of [ 3 H]AEA by the AEA membrane transporter (AMT) was assayed in synaptosomes prepared from the striatum as described . The hydrolysis of [ 3 H]AEA by the FAAH (E.C. 3.5.1.4) activity was assayed in striatum extracts by reversed phase-HPLC, as reported (Maccarrone et al., 2000) . The kinetic constants of AMT and FAAH activity, i.e., apparent Michaelis-Menten constant (K m ) and maximum velocity (V max ), were calculated through nonlinear regression analysis, using Prism 3. The activity of phospholipase D (PLD; E.C. 3.1.4.4) was assayed by measuring the release of [ 14 C]ethanolamine from 1,2-dioleoyl-3-phosphatidyl-[2-
14 C]ethanolamine, according to Moesgaard et al. (2000) . Electrophysiolog y. Preparation and maintenance of rat corticostriatal slices have been previously described (C alabresi et al., 1993, 2001) . Briefly, corticostriatal coronal slices 190-to 200-m-thick were prepared from 2-to 3-month-old Wistar rats (naive and 6-OH DA-lesioned) and kept in artificial C SF (AC SF) whose composition was (in mM): 126 NaC l, 2.5 KC l, 1.2 MgC l 2 , 1.2 NaH 2 PO 4 , 2.4 CaCl 2 , 11 glucose, and 25 NaHC O 3 . AC SF temperature was maintained at 35°C, and it was gassed with O 2 and C O 2 (95:5%). For whole-cell patch-clamp recordings, electrodes (4 -5 M⍀) were filled with a solution containing (in mM): K ϩ -gluconate (125), NaC l (10), C aC l 2 , (1.0), MgC l 2 (2.0), 1,2-bis (2-aminophenoxy) ethane-N,N,N,N-tetra-acetic acid (0.5), H EPES (19), GTP (0.3), and Mg-ATP (1.0), adjusted to pH 7.3 with KOH. Striatal spiny neurons were clamped at Ϫ80 to Ϫ85 mV, close to their resting membrane potential. Spontaneous and evoked glutamatergic activity, as well as passive membrane properties, were recorded from striatal spiny neurons and monitored using an Axopatch 200B and 1D amplifiers, and C lampex 8.1 software (Axon Instruments, Union C ity, CA). Afterwards, sEPSC s and miniature EPSC s (mEPSC s) were analyzed offline by MiniAnalysis 5.4.1 software (Synaptosoft, Decatur, GA). To evoke EPSC s, bipolar electrodes were placed on corticostriatal fibers. In the experiments on paired-pulse facilitation (pulse interval, 40 -60 msec) stimuli were delivered at 0.1 Hz. Spontaneous mEPSC s were recorded in the presence of 1 M tetrodotoxin (TTX). The frequency of mEPSC s was sensibly slower than that of sEPSC s. However, longer samples were analyzed to achieve a statistically significant number of events before and after drug application.
All recordings were performed in the presence of 3 M bicuculline to avoid the contamination of sEPSC s or mEPSC s by a GABA A -mediated component. Striatal medium spiny neurons were selected by means of infrared videomicroscopy (Z eiss Axioskop, Jena, Germany) and a digital camera (Cohu, San Diego, CA).
For data presented as the mean Ϯ SEM, statistical analysis was performed using the ST. When comparing two cumulative distributions, the Kolmogorov-Smirnov (K S) test was used. The significance level was established at p Ͻ 0.05 for both tests.
Drugs were applied by dissolving them to the desired final concentration in the saline solution perf using the slice. 
RESULTS

Rearrangement of striatal cannabinoid system in parkinsonian rats
The level of endogenous AEA was threefold higher in the striatum of 6-OHDA-lesioned rats, compared with naive animals, whereas endogenous 2-AG was unaffected (Table 1) . Similar changes were recently reported in reserpine-treated rats, although the mechanism responsible for AEA enhancement was not investigated (Di Marzo et al., 2000) . Here, we found that the activity of both AMT (Hillard et al., 1997; Piomelli et al., 1999) and AEA-hydrolyzing enzyme FAAH (Deustch and Chin, 1993; Désarnaud et al., 1995; Cravatt et al., 1996; Maccarrone et al., 1998) decreased in parkinsonian animals ( Table 1, Fig. 1 A,B) . The affinity of AMT for AEA was identical in naive and parkinsonian rats (K m ϭ 383 Ϯ 45 and 351 Ϯ 49 nM, respectively; n ϭ 4; p Ͼ 0.05; ST test), whereas the apparent V max (181 Ϯ 9 and 81 Ϯ 4 pmol/min per milligram of protein, respectively) was significantly lower in the latter group (n ϭ 4; p Ͻ 0.01; ST test). Remarkably, the affinity of AMT for AEA was very close to that reported for the transporter in several cellular models (for review, see Hillard and Jarrahian, 2000) . Analogously, the V max of FAAH decreased in parkinsonian rats (580 Ϯ 48 and 1687 Ϯ 165 pmol/ min per milligram of protein, respectively; n ϭ 4; p Ͻ 0.01; ST Pertwee, 1997) . Interestingly, also the binding of [ 3 H]AEA was not affected by 6-OHDA denervation (Table 1) , neither was the activity of phospholipase D (PLD), which remained almost identical in naive and 6-OHDA-lesioned striata (Table 1) . PLD was assayed under conditions found to be optimal for the N-acyl-phosphatidylethanolamines (NAPE)-hydrolyzing PLD , but a radiolabeled phosphatidylethanolamine was used instead of radiolabeled NAPEs, which are not commercially available. This is noteworthy, because NAPE-hydrolyzing PLD activity is considered the checkpoint in AEA synthesis, although the lack of specific inhibitors for this enzyme makes it difficult to assess conclusively its contribution to AEA metabolism . Thus these results, taken together, suggest that the higher level of AEA in the striatum of parkinsonian rats might be attributable to a decreased cleavage rather than an increased synthesis. On the other hand, the synthesis of 2-AG by phospholipases A 1 and C, and/or its degradation by monoacylglycerol lipase (Sugiura and Waku, 2000) , do not seem to be affected by 6-OHDA denervation.
Spontaneous glutamatergic activity in naïve and 6-OHDA-lesioned rats sEPSCs were recorded from corticostriatal rat slices by means of whole-cell patch-clamp techniques. Spiny neurons from 6-OHDAlesioned rats showed in average a higher sEPSCs frequency and amplitude (see Fig. 3 ) compared with naive rats (1.9 Ϯ 0.8 vs 6.2 Ϯ 1.2 Hz; n ϭ 30; p Ͻ 0.01; ST test; and 13.7 Ϯ 2.1 vs 22.3 Ϯ 5.5 pA; n ϭ 28; p Ͻ 0.01; ST test, respectively), whereas the intrinsic membrane properties of these neurons were not affected (C alabresi et al., 1993) . This synaptic activity was suppressed by 10 M C NQX, an AM PA receptor blocker. Conversely, it was not affected by 3 M bicuculline, a GABA A receptor antagonist (not shown).
Activation of CB1 cannabinoid receptor reduces striatal glutamatergic spontaneous activity
Activation of CB1 cannabinoid receptors has been reported to reduce glutamate release in the striatum through a presynaptic mechanism (Gerdeman and Lovinger, 2001; Huang et al., 2001 ).
In our preparation, 10 min application of HU-210, a CB1 receptor agonist (Pertwee, 1997) , reduced sEPSCs frequency in a dose-dependent manner in both 6-OHDA-lesioned and naive rats. Figure 2 A shows single experiments in which this effect was evident, whereas all the experiments in naive and 6-OHDAlesioned animals are pooled in Figure 3A . Interestingly, the average sEPSCs amplitude was not affected. Figure 4 A shows the normalized effect of HU-201 on sEPSCs frequency that was similar in the two groups.
Endogenous anandamide reduces striatal glutamatergic spontaneous activity
Blockade of AEA uptake by 10 min application of AM-404 Beltramo et al., 2000) significantly reduced the frequency of glutamatergic sEPSCs in a dose-dependent manner in both naive and 6-OHDA-lesioned rats. Single experiments are shown in Figure 2 B, whereas all data are pooled in Figure 3B . Also AM-404 did not significantly affect sEPSCs amplitude. The normalized effect of AM-404 on sEPSCs frequency was similar in the two groups (Fig. 4 B) . Figure 4D shows the time course of 10 M AM-404 effect. This figure also shows that AM-404 occludes a further reduction of synaptic activity by 1 M HU-210. These effects, when normalized, were similar in naive and 6-OHDA-lesioned animals. Similar results were obtained with 10 M VDM11 (n ϭ 4; data not shown), another selective inhibitor of AMT .
Application in naïve animals of PMSF, an inhibitor of FAAH (Ueda et al., 2000; Wyley et al., 2000) , caused a significant reduction of sEPSCs frequency only at high doses (100 M), whereas MAFP, a potent inhibitor of FAAH (Deutsch et al., 1997; Ueda et al., 2000) , was effective at 100 nM (Fig. 3D) . Surprisingly, 6-OHDA treatment revealed a potent inhibitory effect of PMSF even at very low concentrations (3-30 M), and MAFP was effective even at 25 nM (see Fig. 2 , C and D, for single experiments and Fig. 3 , C and D, for average data on both compounds). Again, neither PMSF nor MAFP had significant effects on sEPSCs amplitude either in naïve or in 6-OHDAlesioned rats. Figure 4C shows the normalized effect of PMSF on sEPSCs frequency in both groups.
Pharmacology of the endocannabinoid effect
We also investigated the possibility that the effect of AEA on synaptic spontaneous activity was specifically mediated by CB1 receptors. Because AEA is quickly hydrolyzed by FAAH, in these experiments we coadministered 1 M AEA and a low dose of PMSF (10 M). Slices were preincubated in PMSF for 10 min before their coapplication with AEA. Although 3-30 M PMSF per se was not able to affect sEPSC frequency in naive rats (Figs.  2C, 3C , 4C, 5A), AEA plus PMSF was effective in reducing glutamatergic activity in both naive and 6-OHDA-lesioned animals (Fig. 5A) .
We also used SR-141716, a specific CB1 receptor antagonist ( Pertwee, 1997) , to f urther investigate the pharmacological site of action of endogenous cannabinoids. Although SR-141716 per se did not alter glutamatergic spontaneous activity, 10 min of pretreatment with this drug blocked the effect of 10 M AM-404 or 10 M PMSF in both naive and 6-OH DA-lesioned animals (Fig. 5B) .
It has been reported that AEA can also activate other receptors rather than CB1, for example the vanilloid VR1 receptor (Zygmunt et al., 1999; De Petrocellis et al., 2001 ). Thus, we tested whether the preincubation of the slices for 10 min in 1 M capsazepine, a vanilloid receptor antagonist (Zygmunt et al., Note that the average control frequency (expressed in Hertz) and amplitude is higher in 6-OHDA-lesioned rats. Both HU-210 and AM-404 significantly reduce sEPSC frequency at all doses, without affecting their amplitude. Conversely, PMSF is effective in naive animals only at the higher dose (100 M), whereas parkinsonian rats are more sensitive to low doses (3 M) of this compound. Similar results were obtained with MAFP, which is active at 100 nM on naive animals, whereas at 25 nM it is active on 6-OHDA-lesioned ones. Also PMSF and MAFP do not affect sEPSCs amplitude. (*p Ͻ 0.01 compared with predrug control;ˆp Ͻ 0.01 compared with predrug control, and p Ͼ 0.05 between groups; § p Ͻ 0.05 compared with predrug control; all values on graphs A-C, exceptˆ, are p Ͻ 0.01 between groups; ST test; n ϭ 4 for each condition.) 1999), could prevent the effect of AM-404 and PMSF. Capsazepine alone did not alter glutamatergic spontaneous activity. Moreover, it failed to alter the effect of AM-404 and PMSF on glutamatergic spontaneous activity, both in naive and 6-OHDA animals (Fig. 5B) .
All the compounds that we used did not significantly alter per se the membrane properties (resting membrane potential and input resistance) of the recorded neurons. See Table 2 for details.
Presynaptic effect of CB1 receptor activation
We have performed a set of experiments to address the specific presynaptic effect of CB1 receptor activation. Evoked EPSCs were elicited by cortical fibers stimulation. Paired pulses (40 -60 msec interval) were delivered at 0.1 Hz, and EPSCs were recorded throughout the whole experiment. Application of 1 M HU-210 for 10 min reduced evoked EPSCs amplitude, increasing paired-pulse facilitation (Fig. 6 A) .
We also analyzed the action potential-independent mEPSPs recorded in the presence of 1 M TTX. Although sEPSCs result from neurotransmitter release elicited by action potentials, mEPSCs are supposed to arise from the spontaneous fusion of neurotransmitter-containing vesicles to the presynaptic terminal membrane. This latter phenomenon is independent of the activation of presynaptic voltage-dependent ion channels. The efficacy of TTX was assessed by observing the disappearance of evoked EPSCs. In these recording conditions, amplitude and frequency of mEPSCs were lower compared with sEPSCs ( Fig.  6 B, see histograms) . This effect was similar in naive and 6-OHDA-lesioned animals. Application of 1 M HU-210 did not affect either the frequency or the amplitude of mEPSCs (Fig. 6 B,  traces and histograms) . These results suggest that activation of CB1 receptors by HU-210 specifically reduces glutamate release from presynaptic terminals mediated by action potentials, whereas it does not affect action potential-independent release of this neurotransmitter.
DISCUSSION
Main findings
In the present study we show that experimental parkinsonism causes complex plastic changes of the endocannabinoid system. In particular, we have obtained four novel findings in the striatum of 6-OHDA-denervated rats: (1) the levels of endogenous AEA are increased; (2) the activity of the AEA membrane transporter, as well as that of the AEA hydrolase FAAH, is reduced; (3) the level of CB1 receptor and the binding of AEA to this receptor is not affected; and (4) the pharmacological inhibition of FAAH produces a much stronger depression of striatal glutamatergic activity compared with naive rats. This latter finding, taken together with the observation that denervated striata express a dramatic overactivity of glutamatergic transmission, suggests that targeting A, Activation of CB1 receptor by AEA reduced glutamatergic spontaneous activity in spiny neurons from both naive and 6-OHDA-lesioned rats (*p Ͻ 0.01; ST test; n ϭ 4 for each condition). A low dose of PMSF was added to anandamide to avoid the rapid degradation by endogenous FAAH (see Results for details). B, The histogram shows that blockade of CB1 receptor by 1 M SR-141716 prevents the inhibitory action of AM-404 or PMSF, whereas blockade of VR1 vanilloid receptor has no effect (*p Ͻ 0.01; ST test; n ϭ 4 for each condition).
the FAAH might be beneficial in experimental parkinsonism. Accordingly, ionotropic glutamate receptors antagonists improve experimental PD symptoms (Chase and Oh, 2000) .
The binding of AEA to CB1 receptor induces inhibition of Nand P/Q-type Ca 2ϩ channels (Mackie and Hille, 1992; Pertwee, 1997; Twitchell et al., 1997) , inhibition of forskolin-induced cAMP accumulation, and stimulation of A-type and inwardrectifying K ϩ channels (Henry and Chavkin, 1995; Childers and Deadwyler, 1996) . Accordingly, a negative modulation of corticostriatal glutamatergic transmission by cannabinoids has been recently shown (Gerdeman and Lovinger, 2001; Huang et al., 2001) . CB1 receptor agonists, such as exogenous AEA, HU-210, or WIN 55,212-2, inhibit synaptic release of glutamate in the rat striatum through a complex presynaptic mechanism involving G i /o -protein-coupled modulation of N-type Ca 2ϩ channels (Pertwee, 1997; Huang et al., 2001) .
AEA is released from membrane N-arachidonoyl-phosphatidylethanolamines of depolarized neurons through a phospholipase D , and its activity at CB1 receptors depends on its life span in the extracellular space, which is regulated by AEA degradation (Deutsch and Chin, 1993) . This normally occurs in a two-step process, including: (1) cellular uptake by the AMT (Hillard and Jarrahian, 2000) , and (2) intracellular degradation by the enzyme FAAH (Ueda et al., 2000) . Also the other endogenous agonist of CB1 receptors, 2-AG, is taken up by a membrane transporter, which is poorly characterized but seems to share some properties with AMT ). 2-AG is then hydrolyzed by a monoacylglycerol lipase (Sugiura and Waku, 2000) , and in addition by FAAH under some circumstances (Ueda et al., 2000) . The synthesis of 2-AG is controlled by phospholipase A 1 and/or by phospholipase C (Sugiura and Waku, 2000) , following a pathway different from that of AEA . Interestingly, we have found that 2-AG levels, unlike those of AEA, were not altered by experimental parkinsonism.
Abnormal endocannabinoid function in experimental parkinsonism
As already reported (Calabresi et al., 1993; Tang et al., 2001) , spontaneous glutamatergic activity recorded in the striatum of parkinsonian rats is increased. This effect reflects the loss of D2 receptor-mediated control of corticostriatal transmission (Cepeda et al., 2001) . Interestingly, D2 and CB1 receptors share the same signal transduction pathway and closely cooperate in the negative regulation of striatal excitatory transmission (Meschler and Howlett, 2001) . Thus, the finding that endogenous levels of AEA are higher in parkinsonian rats may reflect a compensatory mechanism to control the cortical glutamatergic drive to the striatum. However, this mechanism seems not to be sufficient in 6-OHDA-lesioned rats, because spontaneous excitatory activity is still higher in these animals. In fact, only the further increase of endogenous AEA tone, achieved by AMT or FAAH blockade, restores the normal corticostriatal function. In agreement with the present study, Hansen et al. (2001) observed changes in endocannabinoid homeostasis in a rat model of altered glutamatergic neurotransmission, causing widespread neurodegeneration. Figure 6 . Endocannabinoid CB1 receptor activation modulates glutamatergic activity with a presynaptic mechanism in both naive and parkinsonian rats. A, The CB1 agonist HU-210 (1 M) reduces evoked postsynaptic currents. Traces are from single neurons of a naive (left) and a 6-OHDA-lesioned (right) animal, before (top traces) and after (bottom traces) the application of 1 M HU-210. Note that the inhibition of evoked EPSCs by this compound increases paired-pulse facilitation, as shown also in the histogram (*p Ͻ 0.01; ST test; n ϭ 4 for each group). B, In the presence of 1 M TTX, action potential-independent release of glutamate generates mEPSCs, whose frequency and amplitude are both reduced compared with sEPSCs. Electrophysiological traces show spontaneous striatal glutamatergic activity recorded from single striatal spiny neurons of a naive (left) and a 6-OHDA-leisoned (right) rat, before (top) and after (bottom) the administration of 1 M HU-210. Application of this compound did not further reduce mEPSC frequency (left histogram) or amplitude (right histogram) in both naive and parkinsonian animals ( p Ͼ 0.05; ST test; n ϭ 4 for each group).
In particular, they measured an increase of AEA, but not of 2-AG and CB1 receptor density. It is not clear from our data why parkinsonian rats are more sensitive to FAAH inhibition than naive rats, whereas the other pharmacological tools acting on the endocannabinoid system have the same effects in both groups. We can speculate that, because FAAH is less active in 6-OHDA-lesioned rats, this enzyme is more vulnerable to inhibition by PMSF. However, also AMT is reduced in these animals, thus we should also expect an increased sensitivity to AM-404. It is clear, therefore, that further studies are necessary to address these issues. Presumably, FAAH activity plays a major role in determining AEA levels in the striatum of 6-OHDA-lesioned animals, in accordance to a recent report (Cravatt et al., 2001) showing that mice lacking FAAH have a 15-fold augmented level of AEA in the brain.
Presynaptic modulation of glutamate release by endocannabinoids
In good agreement with previous studies, all the electrophysiological experiments we have performed indicate that CB1 receptor activation reduces glutamate release through a presynaptic mechanism (Gerdeman and Lovinger, 2001; Huang et al., 2001) . First, endogenous AEA, as well as HU-210, reduces sEPSC frequency without affecting their amplitude. Second, evoked EPSCs amplitude is reduced by HU-210 increasing paired-pulse facilitation. Third, mEPSCs are not affected by this drug in terms of both frequency and amplitude. Taken together, these data suggest that presynaptic action potentials are required to observe the inhibitory effect of CB1 receptor activation, according to Huang et al. (2001) . However, a different mechanism, not involving presynaptic action potential-dependent Ca 2ϩ increases, has been suggested by Gerdeman and Lovinger (2001) . The goal of the present study was the analysis of complex plastic changes induced by DA-denervation in the endocannabinoid system, rather than the characterization of the molecular mechanisms underlying endocannabinoid-mediated inhibition of glutamatergic synaptic transmission. Nevertheless, we feel that this issue needs further investigations.
In conclusion, although further work seems to be necessary to better characterize the changes in striatal synaptic transmission after 6-OHDA denervation, here we propose that drugs modulating the cleavage of endogenous cannabinoids might represent a novel pharmacological approach in the therapy of Parkinson's disease.
